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FIG. S
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SYSTEM ON CHIP, DISPLAY SYSTEM
INCLUDING THE SAME, AND METHOD OF
OPERATING THE DISPLAY SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims under 35 U.S.C. § 119(a)
priority to and the benefit of Korean Patent Application No.

10-2015-0064038 filed on May 7, 2013, the entire contents
of which 1s mncorporated by reference herein.

BACKGROUND

1. Technical Field

Exemplary embodiments of the inventive concept relate
to a system on chip (S0C), a display system including the
same, and a method of operating the display system, and
more particularly, to a SoC for reducing bandwidth and
power consumption, a display system including the same,
and a method of operating the display system.

2. Description of the Related Art

With the increase of resolution of a display 1n mobile
devices such as smart phones and tablet personal computers
(PCs), the bandwidth of 1mage data between an application
processor and a display drniver integrated circuit (IC) has
increased. Accordingly, power consumption of a mobile
application processor and/or a display driver IC 1s also
increased.

In particular, since a mobile device reads entire frame data
even when updating only a part of an entire frame of an
image, a waste of bandwidth and power occurs. Therelore,
an approach for reducing the waste of bandwidth and power
1s desired.

SUMMARY

Exemplary embodiments of the inventive concept provide
a system on chip (SoC) for reducing bandwidth and power
consumption, a display system including the same, and a
method of operating the display system.

According to exemplary embodiments of the inventive
concept, there 1s provided a system on chip including a video
codec configured to output syntax information and data
information, which correspond to each of a plurality of
blocks 1ncluded 1n each frame of image data, based upon a
result of encoding or decoding the image data; a map
generator configured to determine whether each of the
blocks 1s an update block based upon the syntax information
and to generate a mapping table based upon a determination
result; and a display controller configured to output the
mapping table and data information corresponding to the
update block to a display device.

The syntax information may include predictive mode
information corresponding to each of the blocks and a
motion vector and a coded block pattern, which correspond
to a predictive mode corresponding to the predictive mode
information.

The data information may refer to a pixel value of each of
the blocks based upon the encoding or decoding result and
the data information corresponding to the update block may
refer to a changed pixel value of a block to be updated
among the plurality of blocks.

The map generator may set a bit flag corresponding to
cach of the blocks based upon the determination result and
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may generate the mapping table. The bit flag may indicate
whether a current block 1s an update block or a non-update
block.

The display controller may output the data information
corresponding to the update block to the display device and
may block data information corresponding to the non-update
block from being output to the display device.

When a first block among the plurality of blocks corre-
sponds to a skip mode, the map generator may set the bit tlag
corresponding to the first block to a first bit value when a
predictive motion vector of the first block 1s not 0 and may
set the bit flag to a second bit value when the predictive
motion vector 1s 0.

When a second block among the plurality of blocks
corresponds to a non-skip mode, the map generator may set
the bit flag corresponding to the second block to the first bit
value when either the motion vector or the coded block
pattern of the second block 1s not O.

When a third block among the plurality of blocks corre-
sponds to the non-skip mode, the map generator may set the
bit tlag corresponding to the third block to the second bit
value when both of the motion vector and the coded block
pattern of the third block are 0.

Each block having the first bit value as the bit tlag may be
the update block.

The plurality of blocks may correspond to an entire area
of each frame or a partial area of each frame.

According to other exemplary embodiments of the inven-
tive concept, there 1s provided a display system including a
system on chip configured to determine whether each of a
plurality of blocks included 1n each frame of 1image data 1s
an update block based upon syntax information correspond-
ing to each of the blocks, to generate a mapping table based
upon a determination result, and to output data information
corresponding to the update block based upon the mapping
table; an external memory configured to receive the data
information corresponding to the update block, to update
and store a block corresponding to the received data infor-
mation among data information that has been stored for each
of the blocks, and to output data information of an updated
frame; and a display device configured to display the
updated frame based upon the data information output from
the external memory.

The system on chip may include a video codec configured
to output the syntax information and data information,
which correspond to each of the blocks, based upon the
result of encoding or decoding the image data; and a map
generator configured to set a bit flag corresponding to each
block according to a result of determining whether the block
1s an update block based upon the syntax information to
generate the mapping table and to output the mapping table.

The syntax mnformation may include predictive mode
information corresponding to each of the blocks and a
motion vector and a coded block pattern, which correspond
to a predictive mode corresponding to the predictive mode
information.

The system on chip may further include a central pro-
cessing unit (CPU) configured to control overall operation of
the system on chip. The CPU may detect block information
corresponding to the update block among the plurality of
blocks based upon the mapping table and output the block
information and the data information corresponding to the
update block.

Alternatively, the system on chip may further include a
graphics processing unit (GPU) configured to convert data
read from the external memory into a signal suitable to the
display device. The GPU may detect block information
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corresponding to the update block among the plurality of
blocks based upon the mapping table and output the block

information and the data information corresponding to the
update block.

According to further exemplary embodiments of the
inventive concept, there 1s provided a method of operating
a display system. The method includes generating syntax
information and data information, which correspond to each
of a plurality of blocks included in each frame of 1image data,
based upon a result of encoding or decoding the image data;
determining whether each of the blocks 1s an update block
based upon the syntax information; generating a mapping,
table based upon a determination result, outputting the
mapping table and data information corresponding to the
update block to a display device; and updating data infor-
mation of a block corresponding to the update block among,
the plurality of blocks based upon the mapping table.

The generating the mapping table may include setting a
bit flag corresponding to each of the blocks based upon the
result of determining whether each block is the update block.

The updating the data information may include detecting
block information corresponding to the update block among
the plurality of blocks based upon the mapping table,
outputting the block information and the data information
corresponding to the update block, and updating data infor-
mation corresponding to the update block among data infor-
mation that has been stored 1n advance for the blocks based
upon the block information and outputting an updated
frame.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the
inventive concept will become more apparent by describing
in detail exemplary embodiments thereof with reference to
the attached drawings in which:

FIG. 1 1s a block diagram of a display system according
to exemplary embodiments of the inventive concept;

FIG. 2 1s a detailed block diagram of a display system
according to exemplary embodiments of the inventive con-
cept;

FIG. 3 1s a diagram of data information output from a
video codec illustrated in FIG. 2;

FIG. 4 1s a diagram for explaiming the operation of a map
generator illustrated 1n FIG. 2;

FIG. 5 1s a flowchart of a method of operating a display
system according to exemplary embodiments of the mnven-
tive concept;

FIG. 6 1s a detailed flowchart of the operation of a map
generator 1n the method illustrated 1n FIG. 5;

FIG. 7 1s a detailed flowchart of the operation of a display
controller in the method 1llustrated 1n FIG. 5;

FIGS. 8A and 8B are detailed block diagrams of display
systems according to other exemplary embodiments of the
inventive concept; and

FIG. 9 15 a block diagram of a mobile device according to
exemplary embodiments of the inventive concept.

DETAILED DESCRIPTION

The mventive concept now will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
This invention may, however, be embodied 1n many different
forms and should not be construed as limited to the exem-
plary embodiments set forth herein. Rather, these exemplary
embodiments are provided so that this disclosure will be
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thorough and complete, and will fully convey the scope of
the invention to those skilled 1n the art. In the drawings, the
s1ize and relative sizes of layers and regions may be exag-
gerated for clarity. Like numbers refer to like elements
throughout.

It will be understood that when an element 1s referred to

as being “connected” or “coupled” to another element, 1t can
be directly connected or coupled to the other element or
intervening elements may be present. In contrast, when an
clement 1s referred to as being “directly connected” or
“directly coupled” to another element, there are no inter-
vening elements present. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed 1tems and may be abbreviated as /™.

It will be understood that, although the terms first, second,
and the like, may be used herein to describe various ele-
ments, these elements should not be limited by these terms.
These terms are only used to distinguish one element from
another. For example, a first signal could be termed a second
signal, and, similarly, a second signal could be termed a first
signal without departing from the teachings of the disclo-
sure.

The terminology used herein 1s for the purpose of describ-
ing particular exemplary embodiments only and 1s not
intended to be limiting of the imnvention. As used herein, the
singular forms “a”, “an” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises” and/or “comprising,” or ‘“includes” and/or
“including” when used in this specification, specily the
presence ol stated features, regions, itegers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, regions,
integers, steps, operations, elements, components, and/or
groups thereol.

As 1s traditional 1n the field of the inventive concepts,
exemplary embodiments may be described and 1llustrated 1n
terms of blocks which carry out a described function or
functions. These blocks, which may be referred to herein as
units or modules or the like, are physically implemented by
analog and/or digital circuits such as logic gates, integrated
circuits, microprocessors, microcontrollers, memory cir-
cuits, passive electronic components, active electronic com-
ponents, optical components, hardwired circuits and the like,
and may optionally be driven by firmware and/or software.
The circuits may, for example, be embodied 1n one or more
semiconductor chips, or on substrate supports such as
printed circuit boards and the like. The circuits constituting,
a block may be implemented by dedicated hardware, or by
a processor (e.g., one or more programmed miCroprocessors
and associated circuitry), or by a combination of dedicated
hardware to perform some functions of the block and a
processor to perform other functions of the block. Each
block of the exemplary embodiments may be physically
separated nto two or more interacting and discrete blocks
without departing from the scope of the inventive concepts.
Likewise, the blocks of the exemplary embodiments may be
physically combined mto more complex blocks without
departing from the scope of the mventive concepts.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this mnvention belongs. It will be further understood
that terms, such as those defined 1n commonly used diction-
aries, should be interpreted as having a meaning that 1s
consistent with their meaning in the context of the relevant
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art and/or the present application, and will not be interpreted
in an 1dealized or overly formal sense unless expressly so
defined herein.

FIG. 1 1s a block diagram of a display system 100
according to exemplary embodiments of the inventive con-
cept. The display system 100 includes an external memory
20, a system on chip (SoC) 10, and a display device 30. Each
of the elements 10, 20, 30 may be formed 1n a separate chip.
The display system 100 may also include other elements,
¢.g., a camera interface. The display system 100 may be a
handheld device, a handheld computer, or a mobile device
such as a mobile phone, a smart phone, a tablet personal
computer (PC), a personal digital assistant (PDA), a portable
multimedia player (PMP), an MP3 player, or an automotive
navigation system, which can display a still 1mage data (or
a still image) or a moving 1mage data (or a moving 1mage)
on a display panel 50.

The external memory 20 stores program instructions
executed 1n the SoC 10. The external memory 20 also stores
image data used to display still images or a moving image
on the display device 30. The moving 1mage 1s a sequence
of different still images presented in a short time. The
external memory 20 may be a volatile or non-volatile
memory. The volatile memory may be dynamic random
access memory (DRAM), static RAM (SRAM), thyristor
RAM (T-RAM), zero capacitor RAM (Z-RAM), or twin
transistor RAM (TTRAM). The non-volatile memory may
be electrically erasable programmable read-only memory
(EEPROM), flash memory, magnetic RAM (MRAM),
phase-change RAM (PRAM), or resistive memory.

The SoC 10 controls the external memory 20 and/or the
display device 30. The SoC 10 may be referred to as an
integrated circuit (IC), a processor, an application processor,
a multimedia processor, or an integrated multimedia pro-
CEeSSOor.

The display device 30 includes a display driver 40 and the
display panel 50. The SoC 10 and the display driver 40 may
be integrated 1nto a single module, a single SoC, or a single
package, e.g., a multi-chip package. Alternatively, the dis-
play driver 40 and the display panel 50 may be integrated in
to a single module.

The display driver 40 controls the operation of the display
panel 50 according to signals output from the SoC 10. The
display driver 40 may transmit, as an output image data,
image data received from the SoC 10 to the display panel 50
through a selected interface.

The display panel 50 may display an 1mage data output
from the display driver 40. The display panel 50 may be
implemented as a liquid crystal display (LCD), a light
emitting diode (LED) display, an organic LED (OLED)
display, or an active-matrix OLED (AMOLED) display.

FIG. 2 1s a detailed block diagram of a display system
100A according to exemplary embodiments of the inventive
concept. FIG. 3 1s a diagram of data information output from
a video codec 120 1llustrated 1n FIG. 2. FIG. 4 1s a diagram
for explaining the operation of a map generator 130 1llus-
trated in FIG. 2.

Referring to FIG. 2, a SoC 10A may include a central
processing unit (CPU) 110A, the video codec 120, the map
generator 130, a ROM 140, a RAM 150, a memory con-
troller 160A, and a display controller 170A. The SoC 10A
may also include a system bus 180 which functions as a
passage for connecting other element of the SoC 10A and
transierring data among the elements. The system bus 180
may 1nclude a small-scale bus for data commumnication
between predetermined elements. The SoC 10A may also
include elements other than those illustrated 1n FIG. 2.
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The CPU 110A may control the overall operation of the
SoC 10A. The CPU 110A may process or execute programs

and/or data stored 1n the ROM 140 and/or the RAM 150. The

CPU 110A may be implemented as a computing component
including at least two independent processors (or cores), 1.€.,
a multi-core processor.

The video codec 120 may encode or decode 1mage data.
The video codec 120 may output syntax information and
data information based upon the result of encoding or
decoding the image data. The syntax information and data
information may be a portion of a bit stream of the encoded
image data.

The syntax information i1s computed according to the
result of encoding or decoding a previous frame and a
current frame among a plurality of frames included 1n the
image data block by block. The syntax information may
include predictive mode information corresponding to each
of a plurality of blocks, a motion vector corresponding to a
predictive mode (predictive motion vector), and a coded
block pattern.

The predictive mode information may include inter pre-
dictive mode having a skip mode and a non-skip mode and
an intra predictive mode, which are defined during block-
by-block encoding of a frame. In the exemplary embodi-
ments of the inventive concept, whether or not to perform an
update may be determined with respect to data of blocks
corresponding to either of the skip and non-skip modes 1n
the inter predictive mode while an update may always be
performed with respect to data of blocks corresponding to
the intra predictive mode. At this time, the skip mode may
be expressed as a predictive motion vector, and the non-skip
mode may be expressed as a motion vector and a coded
block pattern.

A predictive motion vector may be a motion vector of a
block adjacent to a current block 1n a current frame or a
combination of motion vectors corresponding to blocks
adjacent to the current block 1n the current frame. A motion
vector may be a displacement calculated with respect to a
current block 1 a current frame using motion estimation on
a reference block 1n a previous frame. A coded block pattern
may be a value calculated by transforming and quantizing a
residual value corresponding to the difference between a
pixel value of a reference block and a pixel value of a current
block. The coded block pattern may be a bit mask that
indicates which blocks coeflicients are present for.

The data information may be information about pixel
values corresponding to the respective blocks resulting from
encoding or decoding. An example of the data information
1s illustrated i FIG. 3. A single frame FR may include a
plurality of blocks and one block B1 among the plurality of
blocks may include 4x4 pixels. In this case, each of 16 pixels
may have a pixel value as a result of encoding or decoding
performed on each pixel. In other words, the data informa-
tion may be information representing a pixel value of each
of the pixels included 1n each block according to the result
of encoding or decoding a frame block by block.

The map generator 130 may determine whether a plurality
of blocks 1n each frame are update blocks based upon syntax
information output from the video codec 120, may set a bit
flag corresponding to each of the blocks based upon the
determination result and generate a mapping table, and may
output the mapping table. The update block may be a block
having a changed pixel value as compared to a previous
frame. Data information corresponding to the update block
may be information about a changed pixel value for a block
to be updated.
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The map generator 130 may generate a mapping table of
blocks corresponding to the entire area of a current frame or
a mapping table for blocks corresponding to a partial area of
the current frame. Exemplary embodiments in which a
mapping table 1s generated by the map generator 130 are
illustrated 1in FIG. 4. Although a single frame includes nine
blocks 1n the exemplary embodiments 1llustrated in FIG. 4,
the mmventive concept 1s not restricted to these exemplary
embodiments. The nine blocks may correspond to the entire
or partial area of a single frame.

Referring to FIG. 4, the map generator 130 may receive
syntax information (a) from the video codec 120 for each
block and may determine whether the block 1s an update
block based upon the syntax information (a). The map
generator 130 may set a bit flag corresponding to a block
determined as the update block to a bit value of *“1” and a bait
flag corresponding to a block (heremafter, referred to as a
“non-update block™) not determined as the update block to
a bit value of “0”, thereby generating a mapping table (b).

For mstance, the map generator 130 may determine that
blocks B1, B8 which correspond to the non-skip mode and
have a value of “0” for both a motion vector MV and a coded
block pattern CBP are non-update blocks and may set the bit
flags corresponding to the blocks B1, B8 to “0”. The map
generator 130 may also determine that blocks B2, B3, BS5,
B6, B9 which correspond to the non-skip mode and having
a non-zero value for either the motion vector MV or the
coded block pattern CBP are update blocks and may set the
bit flags corresponding to the blocks B2, B3, BS, B6, B9 to
1

In other words, when the motion vector MV and the coded
block pattern CBP of the current block have a value of “07,
the map generator 130 may determine that the current block
1s a non-update block since the current block has the same
position and pixel data as the reference block of the previous
frame. However, when either of the motion vector MV and
the coded block pattern CBP of the current block has a value
other than “0”, the map generator 130 may determine the
current block 1s an update block since the current block has
a position and pixel data different than the reference block
of the previous frame.

In addition, the map generator 130 may determine
whether a predictive motion vector PMYV of a block has a
value of “0” when the block corresponds to the skip mode.
The map generator 130 may determine that the blocks B4,
B7 having a predictive motion vector PMV of “0” are
non-update blocks and may set the bit flags of the blocks B4,
B7 to “0”. In other words, when the predictive motion vector
PMYV of the current block has a value of “0”, which means
that motion vectors of blocks adjacent to the current block
have a value of “0”’; the map generator 130 may determine
that the current block 1s a non-update block. However, the
predictive motion vector PMV of the current block has a
value other than “0”, which means that motion vectors of
blocks adjacent to the current block have a value other than
“0”; the map generator 130 may determine that the current
block 1s an update block.

Referring back to FIG. 2, the ROM 140 may store
programs and/or data which are accessed by the CPU 110A
and/or the video codec 120. The ROM 140 may be a
nonvolatile memory such as Programmable ROM (PROM),
Electrically Programmable ROM (EPROM), Electrically
Erasable and Programmable ROM (EEPROM) such as flash
memory, Phase-change Random Access Memory (PRAM),
Magnetic RAM (MRAM), Resistive RAM (RRAM), and
Ferroelectric RAM (FRAM), and the like. The RAM 150

may temporarily store programs, data, and/or instructions.
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The RAM 150 may be a volatile memory or a nonvolatile
memory such as Dynamic Random Access Memory
(DRAM), Synchronous Random Access Memory (SRAM),
Phase-change Random Access Memory (PRAM), Magnetic
RAM (MRAM), Resistive RAM (RRAM), and Ferroelectric
RAM (FRAM), and the like. The RAM 150 may temporarily
store information about data which 1s input/output through
an external memory 20A or generated by the video codec
120.

The memory controller 160A controls the overall opera-
tion of the external memory 20A and control data exchange
between a host and the external memory 20A. For instance,
the memory controller 160A may write data to or read data
from the external memory 20A at the request of the host. At
this time, the host may be a master device such as the CPU
110A or the display controller 170A.

The display controller 170 A controls a display driver 40A
to display image data encoded by the video codec 120 and/or
image data decoded by the video codec 120 on the display
panel 50. The display controller 170A may also output a
mapping table generated by the map generator 130 to the
display driver 40A. In addition, the display controller 170A
may output data corresponding to update blocks among a
plurality of blocks of 1image data encoded or decoded by the
video codec 120 to the display driver 40A but may not
output data corresponding to non-update blocks according to
the determination result.

In other words, the display controller 170A may output a
mapping table and data corresponding to update blocks to
the display driver 40A, so that only data corresponding to
blocks to be updated 1s transmitted to the display driver 40A.
As a result, the bandwidth between the SoC 10A and the
display driver 40A 1s reduced and the power consumption of
the display system 100A 1s also reduced.

The display driver 40A may include a map interpreter
41A, an update unit 42, a display buller 43 A, a source driver
45, and a gate driver 47. The map interpreter 41 A may detect
a block corresponding to an update block and a block
corresponding to a non-update block among the plurality of
blocks based upon the mapping table and may output the
detection result to the update unit 42. Although the map
interpreter 41 A 1s included 1n the display driver 40A 1n the
exemplary embodiments illustrated in FIG. 2, the map
interpreter 41 A may be formed between the SoC 10A and the
display driver 40A to be separated from the display driver
40A 1n other exemplary embodiments.

The update unit 42 may output block information and data
information corresponding to the update block based upon
the detection result output from the map interpreter 41A.
The display bufller 43 A may update data information corre-
sponding to the update block among data information that
has been stored for each of the blocks in a frame and keep
data information corresponding to the non-update block
based upon the block information and may output an
updated frame.

The source driver 45 may drive a plurality of data lines (or
source lines) formed 1n the display panel 50 1n response to
information about the updated frame output from the display
bufler 43A. The gate driver 47 may sequentially drive a
plurality of gate lines (or scan lines) formed 1n the display
panel 50 1n response to information about the updated frame
output from the display buller 43A.

Although according to exemplary embodiments of the
present inventive concepts, the syntax information includes
predictive mode imformation corresponding to each of a
plurality of blocks, a motion vector corresponding to a
predictive mode (predictive motion vector), and a coded
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block pattern, the syntax information 1s not limited thereto.
The syntax information for determining an update block
may vary based upon an compression algorithm or process-
ing architecture of a display system.

FIG. 5 1s a flowchart of a method of operating a display
system according to exemplary embodiments of the mnven-
tive concept. FIG. 6 1s a detailed flowchart of the operation
of a map generator in the method 1illustrated 1n FIG. 3. FIG.
7 1s a detailed flowchart of the operation of a display
controller 1n the method 1llustrated 1n FIG. 5.

Referring to FIGS. 1 through 7, the video codec 120 may
output syntax information and data information, which may
correspond to each of a plurality of blocks included in each
frame, based upon the result of encoding or decoding 1mage
data 1n operation S110. The map generator 130 may generate
a mapping table according to the result of determining
whether each of the blocks 1s an update block based upon the
syntax mnformation in operation S120. The map generator
130 may generate the mapping table by setting a bit flag
corresponding to each of the blocks based upon the deter-
mination result. Operation S120 may include operations
S121 through 5127 which will be described based upon one
of the blocks included 1n each frame with reference to FIG.
6.

The map generator 130 may recerve the syntax informa-
tion corresponding to a current block from the video codec
120 in operation S121 and may determine whether the
current block corresponds to the skip mode based upon
predictive mode information included 1n the syntax infor-
mation 1n operation S122. When the current block 1s deter-
mined to correspond to the skip mode, the map generator
130 may determine whether the predictive motion vector
PMYV of the current block 1s 0 in operation S123.

When the predictive motion vector PMV of the current
block 1s 0, the map generator 130 may set the bit flag of the
current block to 0 in operation S124. When the predictive
motion vector PMV of the current block 1s not 0, the map
generator 130 may set the bit flag of the current block to 1
in operation S125.

When 1t 1s determined that the current block does not
correspond to the skip mode 1n operation S122, the map
generator 130 may determine whether the motion vector MV
ol the current block 1s 0 1n operation S126. When the motion
vector MV of the current block 1s 0, the map generator 130
may determine whether the coded block pattern CBP 1s O in
operation S127. When both the motion vector MV and the
coded block pattern CBP are 0, the map generator 130 may
set the bit flag of the current block to O 1n operation S124.

However, when the motion vector MV of the current
block 1s not 0 1 operation S126 or when the coded block
pattern CBP of the current block 1s not 0 1n operation S127,
the map generator 130 may set the bit flag of the current
block to 1 1n operation S125.

In other words, the map generator 130 may set the bit flag
of the current block to 1 when the current block corresponds
to an update block and the bit flag of the current block to O
when the current block corresponds to a non-update block
based upon the result of determining the syntax information
of the current block, thereby generating the mapping table.

The display controller 170A may output the mapping
table and the data imnformation corresponding to the update
block to the display device 30 in operation S130. The
operation of the display controller 170A 1s illustrated in FIG.
7.

Referring to FIG. 7, the display controller 170A may
receive the mapping table and the data information corre-
sponding to the plurality of blocks 1n operation S131 and
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may determine whether there 1s any block to be processed
among the plurality of blocks 1n operation S133. When there
1s any block to be processed, the display controller 170A
may determine whether a current block 1s an update block
based upon the mapping table 1n operation S135.

When the current block 1s the update block, the display
controller 170A may output the data information corre-
sponding to the current block in operation S137. When the
current block 1s not the update block, the display controller
170 A may block the data information corresponding to the
current block from being output in operation S139. In other
words, the display controller 170A may not update the
current block. When there 1s no block to be processed 1n
operation S133, the display controller 170A may determine
that the processing of the blocks 1s completed.

In other words, the display controller 170A may deter-
mine whether each of blocks included 1n a frame 1s an update
block. For instance, the display controller 170A may deter-
mine that the blocks B2, B3, BS, B6, B9 shown in FIG. 4 are
update blocks based upon the mapping table and may output
only the data information corresponding to those blocks B2,
B3, BS, B6, B9 to the display device 30. Consequently, the
display controller 170A may output the mapping table and
the data information corresponding to the blocks determined
as update blocks to the display device 30.

The display device 30 may update the data information
corresponding to the update blocks among the plurality of
block based upon the mapping table in operation S140. In
more detail, the display driver 40A included in the display
device 30 may update the data information corresponding to
the update blocks among the data information that has been
stored 1n the display bufler 43A and maintain the data
information corresponding to non-update blocks among the
data information and may output an updated frame.

FIGS. 8A and 8B are detailed block diagrams of display
systems 1008, 100C according to other exemplary embodi-
ments of the inventive concept. The structure and functions
of the display systems 1008, 100C illustrated in FIGS. 8A
and 8B are similar to those of the display system 100A
illustrated in FIG. 2, and therefore, only the differences from
the display system 100A will be described to avoid redun-
dancy.

Referring to FIG. 8A, a map interpreter 41B may be
programmed 1n software to a CPU 110B. The map inter-
preter 41B may detect block information corresponding to
an update block among a plurality of blocks based upon a
mapping table generated by the map generator 130 and may
output the block information and data information corre-
sponding to the update block.

Referring to FIG. 8B, a SoC 10C may also include a
graphics processing unit (GPU) 190 which converts data
read by a memory controller 160B from an external memory
20B 1nto a signal suitable to a display device 40B. A map
interpreter 41C may be embedded in the GPU 190. The map
interpreter 41C may detect block information corresponding
to an update block among a plurality of blocks based upon
a mapping table and may output the block imnformation and
data information corresponding to the update block.

The CPU 110B 1illustrated in FIG. 8A or the GPU 190
illustrated 1n FIG. 8B may output the data information
corresponding to the update block to the external memory
20B through a memory controller 160B. The external
memory 20B may update and store the data information
corresponding to the update block among the data informa-
tion that has been stored for each of the blocks 1n each frame
and may output the data information of the updated frame to
the memory controller 160B. A display controller 170B may
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receive the updated frame from the memory controller 1608
and output 1t to a display driver 40B.
Unlike the display driver 40A illustrated in FIG. 2, the

display driver 40B may include only a display buifler 43B,
the source driver 45, and the gate driver 47. The display
butler 43B may output information about the updated frame
to the source driver 45 and the gate driver 47.
Consequently, data only corresponding to blocks to be
updated 1s transmitted to the external memory 20B, so that
the bandwidth between each SoC 10B or 10C and the
external memory 20B is reduced and power consumption of

cach display system 100B or 100C 1s also reduced.

FIG. 9 1s a block diagram of a mobile device 300
according to exemplary embodiments of the inventive con-
cept. Referrning to FIG. 9, the mobile device 300 may include
a user 1iterface (UI) 310, a video source 320, a memory 330,
a compositor 340, a display bufler 350, and a display panel
360. The UI 310 1s a unit for mputting data to be processed
by the compositor 340 and may be implemented as a touch
pad.

The video source 320 1s a video capture device such as a
video camera or a video content supply device. The video
source 320 may include the video codec 120 and the map
generator 130 1llustrated 1n FIG. 2. In other words, the video
source 320 may output a mapping table generated based
upon syntax information corresponding to each of a plurality
of blocks included in each frame of image data and data
information corresponding to update blocks. The memory
330 may store programs or data and may be formed of
volatile or non-volatile memory.

The compositor 340 may combine and process all data
information ivolved 1n 1mage processing and may display
the processed result on the display panel 360. For instance,
the compositor 340 may combine and process data infor-
mation corresponding to at least one touch signal generated
by the UI 310 and data information output from the video
source 320.

The compositor 340 may include the map interpreter 41 A
illustrated in FIG. 2. In other words, the compositor 340 may
output data information corresponding to an update block
based upon a mapping table output from the video source
320. The operation of the compositor 340 may be performed
by a GPU (not shown).

The display bufler 350 may update data information
corresponding to the update block among the data informa-
tion that has been stored therein and may output the updated
data information. The display panel 360 may display image
data or video data that has been output from the UI 310 and
the video source 320 and then processed by the compositor
340.

As described above, 1n a SoC, a display system including
the same, and a method of operating the display system
according to exemplary embodiments of the inventive con-
cept, the SoC transmits data only corresponding to an update
area using video syntax information without using a separate
method of extracting the update area, thereby reducing
bandwidth and power consumption.

The present general inventive concept can also be embod-
ied as computer-readable codes on a computer-readable
medium. The computer-readable recording medium 1s any
data storage device that can store data as a program which
can be thereafter read by a computer system. Examples of
the computer-readable recording medium 1nclude read-only
memory (ROM), random-access memory (RAM),
CD-ROMs, magnetic tapes, floppy disks, and optical data
storage devices.
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The computer-readable recording medium can also be
distributed over network coupled computer systems so that
the computer-readable code 1s stored and executed in a
distributed fashion. Also, tunctional programs, codes, and
code segments to accomplish the present general inventive
concept can be easily construed by programmers.

While the mventive concept has been particularly shown
and described with reference to exemplary embodiments
thereot, 1t will be understood by those of ordinary skill in the
art that various changes in forms and details may be made
therein without departing from the spirit and scope of the
inventive concept as defined by the following claims.

What 1s claimed 1s:

1. A system on chip comprising;:

a video codec configured to output syntax information and
data information, which correspond to each of a plu-
rality of blocks comprised 1n each frame of 1image data,
based upon a result of encoding or decoding the 1image
data;

a map generator configured to determine whether each of
the blocks 1s an update block based upon the syntax
information and to generate a mapping table based
upon a determination result; and

a display controller configured to output the mapping
table and data information corresponding to the update
block to a display device,

wherein the syntax mformation comprises predictive
mode information corresponding to each of the blocks
and a motion vector and a coded block pattern, which
correspond to a predictive mode corresponding to the
predictive mode information,

wherein the data information refers to a pixel value of
cach of the blocks based upon the encoding or decoding
result and the data information corresponding to the
update block refers to a changed pixel value of a block
to be updated among the plurality of blocks,

wherein the map generator sets a bit flag corresponding to
cach of the blocks based upon a determination result
and generates the mapping table, wherein the bit tlag
indicates whether a current block 1s an update block or
a non-update block, and

wherein the display controller outputs the data informa-
tion corresponding to the update block to the display
device and blocks data information corresponding to
the non-update block from being output to the display
device.

2. The system on chip of claim 1, wherein when a first
block among the plurality of blocks corresponds to a skip
mode, the map generator sets the bit flag corresponding to
the first block to a first bit value when a predictive motion
vector of the first block 1s not O and sets the bit flag to a
second bit value when the predictive motion vector 1s O.

3. The system on chip of claim 2, wherein when a second
block among the plurality of blocks corresponds to a non-
skip mode, the map generator sets the bit flag corresponding
to the second block to the first bit value when either of the
motion vector and the coded block pattern of the second
block 1s not 0.

4. The system on chip of claim 3, wherein when a third
block among the plurality of blocks corresponds to the
non-skip mode, the map generator sets the bit flag corre-
sponding to the third block to the second bit value when both
of the motion vector and the coded block pattern of the third
block are O.

5. The system on chip of claim 4, wherein each block
having the first bit value as the bit tlag 1s the update block.
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6. The system on chip of claim 1, wherein the plurality of
blocks corresponds to an entire area of each frame or a
partial area of each frame.

7. A display system comprising;:

a system on chip configured to determine whether each of

a plurality of blocks comprised in each frame of image
data 1s an update block based upon syntax information
corresponding to each of the blocks, to generate a
mapping table based upon a determination result, and
to output data information corresponding to the update
block based upon the mapping table; an external
memory configured to receive the data information
corresponding to the update block, to update and store
a block corresponding to the received data information
among data information that has been stored for each of
the blocks, and to output data information of an updated
frame; and a display device configured to display the
updated frame based upon the data information output
from the external memory,

wherein the system on chip comprises: a video codec

configured to output the syntax information and data
information, which correspond to each of the blocks,
based upon the determination result of encoding or
decoding the 1mage data; and a map generator config-
ured to set a bit flag corresponding to each block
according to a result of determining whether the block
1s an update block based upon the syntax information to
generate the mapping table and to output the mapping
table,

wherein the syntax information comprises predictive

mode mformation corresponding to each of the blocks
and a motion vector and a coded block pattern which
correspond to a predictive mode corresponding to the
predictive mode mformation, and

wherein the system on chip transmits the data information

corresponding to the update block to the display device
and does not transmit data information corresponding
to a non-update block to the display device.

8. The display system of claim 7, wherein the system on
chip further comprises a central processing unit (CPU)
configured to control overall operation of the system on
chip, and wherein the CPU detects a block information
corresponding to the update block among the plurality of
blocks based upon the mapping table and outputs the block
information and the data information corresponding to the
update block.

9. The display system of claim 7, wherein the system on
chup further comprises a graphics processing unit (GPU)
configured to convert data read from the external memory
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into a signal suitable to the display device, and wherein the
GPU detects block information corresponding to the update
block among the plurality of blocks based upon the mapping
table and outputs the block information and the data infor-
mation corresponding to the update block.
10. A method of operating a display system, the method
comprising;
generating syntax information and data information,
which correspond to each of a plurality of blocks
comprised 1n each frame of 1image data, based upon a
result of encoding or decoding the image data;

determiming whether each of the blocks 1s an update block
based upon the syntax information;

generating a mapping table based upon a determination

result; outputting the mapping table and data informa-
tion corresponding to the update block to a display
device; and

updating data information of a block corresponding to the

update block among the plurality of blocks based upon
the mapping table,

wherein the generating the mapping table comprises set-

ting a bit flag corresponding to each of the blocks based
upon the result of determining whether each block 1s
the update block,

wherein the setting the bit flag comprises: when a {first

block among the plurality of blocks corresponds to a
skip mode, setting the bit flag corresponding to the first
block to a first bit value when a predictive motion
vector of the first block 1s not 0 and setting the bit flag
to a second bit value when the predictive motion vector
1s 0; and when the first block corresponds to a non-skip
mode, setting the bit flag corresponding to the first
block to the first bit value when either of the predictive
motion vector and a coded block pattern of the first
block 1s not O and setting the bit flag corresponding to
the first block to the second bit value when both of the
predictive motion vector and the coded block pattern of
the first block are O.

11. The method of claim 10, wherein the updating the data
information comprises: detecting block information corre-
sponding to the update block among the plurality of blocks
based upon the mapping table; outputting the block infor-
mation and the data information corresponding to the update
block; and updating data information corresponding to the
update block among data information that has been stored in
advance for the blocks based upon the block information and
outputting an updated frame.
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